Abstract-Cytochrome b5 was isolated from liver microsomes using a detergent-method.
cytochrome b5 was little released under high ionic strength. The capacity of plasma membranes for the binding was less than that of microsomes. Administration of CCl4
did not significantly affect the binding of the hemoprotein in both fractions. These results add support to our previous proposal that the elevation of NADH-cytochrome c reductase activity of liver plasma membranes observed early after administration of CCl4 may be caused by the binding of cytochrome b5 which has probably migrated from the endoplasmic reticulum.
As we previously reported (1-4), (1) plasma NADH-cytochrorne c reductase activity, hardly detected in normal rats, elevated after administration of CC14 to these same animals and the enzyme was identified as microsomal origin, (2) NADH-cytochrome c reductase activity of liver plasma membranes also increased 3-6 hr after administration of CC14, but other marker enzyme activities such as ATPase and 5'-nucleotidase decreased, (3) the re ductase of plasma membranes had similar characteristics to the microsomal enzyme: it was insensitive to antimycin A and rotenone and contained cytochrome b5 as a cofactor, and, moreover, (4) CC14-treatment increased cytochrome b5 content in plasma membranes and was accompanied by a concomitant loss of the hemoprotein in microsomes. These obser vations led to the proposal (4) that the liver plasma membrane may act as an initial or a very early site in the development of liver impairment by CC14 and that the elevation of NADH-cytochrome c reductase activity is a biochemical manifestation of the damaged liver, which might result from the migration of cytochrome b5 as well as other microsomal enzymes from endoplasmic reticulum to the plasma membrane in the early stage of liver damage. If so, then liver plasma membranes would have a high affinity for cytochrome b,
Recently, cytochrome b5 has been purified from liver microsomes in a form of the whole molecule by using detergents as solubilizing agents (5, 6) , and the molecule was shown to contain a hydrophobic peptide portion constituting 40 amino acids in addition to the hydrophilic catalytic portion (6) . Cytochrome b5 purified by the detergent method bound tightly to liver microsomes and increased NADH-cytochrome c reductase activity in vitro (7, 8) , whereas the hemoprotein purified by the protease method, which splits off the hydro phobic peptide portion, cannot bind to microsomes (8 (6) . With this method, cytochrome b5 can be isolated in the form of the whole molecule which is referred to as d-cyt. b5. Table 1 shows an example of the purification of d-cyt. b5 from 50 female rats. The final preparation contained 17.4 nmoles of cytochrome b5 per mg protein, a rate 37 times higher than found in original microsomes. In some experiments, d-cyt. b5 was purified from rabbit livers.
t-Cyt. b5, containing no hydrophobic peptide portion, was purified from trypsin-solubilized microsomes by the method of Omura and Takesue (12) . NADH-ferricyanide reductase activity was not detected in these cytochrome preparations.
Binding of cytochrome b5 to microsomes and plasma membranes was examined using a procedure similar to that of Strittmatter et al. (7) . Microsomes (5 nag protein/0.5 ml) or plasma membranes (4.5 mng protein/1.5 ml) were mixed with d-cyt. b5 solution (27.35 nmoles/ 0.5 ml) and incubated at 37 °C for 15 min. The mixture was immediately diluted to 10 ml with cold 0.1 M Tris-acetate buffer (pH 8.1) in an ice bath to stop the reaction and centrifuged at 127,000 x g for 30 min (microsomes) or at 10,000 x g for 10 min (plasma membranes).
Each sediment was suspended in 5.0 ml of 20 mM Tris-acetate buffer (pH 8.1) and an aliquot of 2.5 ml of the suspension was assayed for cytochrome b5 content and enzyme activities.
To determine whether or not the bound cytochrome b5 was washed out, the remainder (2.5 ml) was mixed with 5.0 ml of 0.6 M KCI-0.4 M Tris-acetate (pH 8.1) and 2.5 ml of water and the precipitate after centrifugation was assayed for the enzymes. Any variations of this procedure are noted in the legends of figures.
Cytochrome b5 was assayed according to the method of Omura and Sato (13) 
RESULTS

Binding of cytochrome b5 to inicrosomes and plasma membranes isolated from normal rats
In this study, d and t-cyt. h5 isolated from rabbit livers were used. it is unknown whether the binding occurred instantaneously after mixing d-cyt. b5 and microsomes or slowly during centrifugation. On the contrary to d-cyt. b5, no t-cyt. b5
binding was observed even after 30 min of incubation at 37'C. The amount of cytochrome b5 was also increased with added d-cyt. b5 ( Fig. 1 (B) ). These observations are consistent Binding of d cyt. b5 to microsomes and its effect on enzyme activities in CC14-treated rats
In the experiments hereafter, d-cyt. b5 isolated from rat livers was used. The process and the degree of purification are shown in Table 1 , and the details of the binding experiments are given in the Methods section. CC14-treatment resulted in a decrease in the endogenous cytochrome b5 content of microsomes as reported previously (4). After incubation with d-cyt. b,, however, the cyto chrome content was increased to the level only slightly lower than that of control microsomes.
NADI-I-cytochrome c reductase activity was also increased, although it was fairly low as compared with the case of control microsomes, probably due to the low endogenous NADH ferricyanide reductase activity.
In these experiments, 15 to 20% of bound cytochrome b, was lost by washing with the solution of high ionic strength with no significant effect by CC14-treatment.
Binding of d-cyt. b, to plasma membranes and its effect on enzyme activities in CC14-treated rats (Fig. 4) Control plasma membranes had considerably lower cytochrome b, content and NADH cytochrome c reductase and NADH-ferricyanide reductase activities than did the microsomes.
When plasma membranes were incubated with d-cyt. b5, the cytochrome content, determined by dithionite-difference spectrum, was increased to approx. 10 times the endogenous, and NADH-cytochrome c reductase activity was also increased to 3 times. Washing with the high salt solution resulted in 20-25 % loss of cytochrome b5 with no significant difference between control and CCIQ-treated groups.
DISCUSSION
The results of our binding experiments with microsomes confirm the findings obtained by Strittmatter et al. (7) and Enomoto and Sato (8) . According to these workers, the binding of d-cyt. b5 to microsomes is due to a hydrophobic interaction between the hydrophobic portion of cytochrome b5 molecule and the lipid layer of microsomal membrane, and the bound hemoprotein is able to accept an electron from NADH-cytochrome b5 reductase-a flavoprotein-without distinction from the endogenous cytochrome b5 and increase micro somal NADH-cytochrome c reductase activity.
We found that liver plasma membranes, whether or not they were damaged by adminis tration of CCl4, were evidently able to bind additional d-cyt. b5 accompanying an increase in NADH-cytochrome c reductase activity. The binding was tight and temperature dependent, though the binding capacity was lower than that of microsomes. However, unlike the case of microsomes, the exogenously bound d-cyt. b5 was only partially reducible by excess NADH and required an addition of dithionite for complete reduction, thus plasma membranes might have different binding compartments. Some of the bound hemoprotein probably accepts an electron from NADH through NADH-cytochrome b5 reductase (its activity was measured as NADH-ferricyanide reductase activity) such as is the case of microsomes, thus accelerating the reduction of cytochrome c and resulting in an increase in NADH-cytochrome c reductase activity.
These present results support our previous hypothesis (4) that the elevation of NADH cytochrome c reductase activity of liver plasma membranes observed after administration of CCl4 may be caused by the binding of the cytochrome b5 which has migrated from endo plasmic reticulum. Although microsomal cytochrome b5 content in CC14-treated rats was less than that in control rats, the mechanism of the loss of this hemoprotein is unknown-the binding capacity of microsomes for d-cyt. b5 did not decrease markedly after administration of CC14 (Fig. 3) and, in addition, neither direct nor lipid peroxidation-coupled damage of microsomes by CC14 "'vitro affected the cytochrome b5 content under conditions in which remarkable loss of cytochrome P-450 occurred (15).
The possibility that the affinity of plasma membranes for cytochrome b5 might be altered by direct effects of CC14 was also studied. Plasma membranes were treated with CC14 in vitro and then incubated with d-cyt. b5. However, we observed no significant change in the binding (data not shown).
Details of the mechanisms involved in the movement of this hemoprotein from endo plasmic reticulum to the plasma membrane are under investigation in our laboratory.
